an important aspect for the fabrication of thin-film devices.
23
Eventually, we demonstrate that such protected films can be 1−4 The outstanding performances of 30 these devices can be linked to several photophysical properties 31 of perovskites, such as their high absorption coefficient, narrow 32 bandgap, and high charge diffusion lengths, 5, 6 together with the 33 ease of fabrication and low cost of precursors. 7 Nonetheless, the 34 widespread use of MAPI is currently severely hindered by its 35 well-known instability. Indeed, oxygen, water (moisture), and 36 heat among other factors are known to lead to a fast 37 degradation of MAPI thin films. 8, 9 In order to mitigate this 38 instability, one possible approach is to alter the material 39 Figure 1a shows wide XPS spectra of pristine and TDMAI-100 coated films. Although TDMAI does not have any distinctive 101 chemical element other than the ones present already in the 102 MAPI film, XPS reveals an increase in the carbon content of the 103 film surface after functionalization (the C:Pb ratio increases by 104 a factor of >3), which proves the attachment of TDMAI 105 molecules to the surface. Figure 1b shows XPS narrow scans of 106 the region corresponding to 2p orbitals from phosphorus (P Intensity ratio between the main perovskite and PbI 2 peaks (2θ = 14.0 and 12.6°, respectively), computed from panels (a−c).
136 increases over time for all samples, though not at the same 137 pace. Indeed, treated samples are significantly more stable.
138
As an arbitrary measure, we may consider the time t 10 by 139 which the PbI 2 peak has reached an intensity equal to 10% of 140 the main perovskite peak. As can be seen in Figure 2d , t 10 goes 141 from less than 2 h for pristine MAPI to 4 h for TOPO-treated 142 films and to 8 h for TDMAI-treated ones. This reveals that 143 coated MAPI films can withstand high temperature much better 144 than pristine ones. In other terms, surface coating with organic 145 molecules allows the film to be processed at temperatures 146 above 100°C for longer times, during which the deposition of 147 further materials or hot encapsulation of devices can take place. 148 This stability test at high temperature can also be seen as an 149 accelerated test of the degradation that occurs already at room 150 temperature. Indeed, at room temperature, pristine films were 151 found to be quickly degraded (t 10 < 2 weeks), while coated 152 ones were not significantly altered even after 3 weeks (see 153 Figure S2 ). These results suggest a combined contribution from 154 the coating molecule's head group and alkyl chains to the 155 (Figure 2 ), we were not able to fabricate efficient and 169 reproducible devices with it. Two reasons may explain this 170 evidence: either the TDMAI layer was too thick (which would 171 also explain the highest stability) and did not allow charge 172 transfer in the device or the process induced other negative 173 consequences in the film such as the occurrence of pinholes 174 that lead to short circuits. The first hypothesis is not in 175 accordance with our XPS analysis, which reveals a strong signal 176 for lead ( Figure 1a) and suggests that the MAPI film is not 177 covered by a thick (>5 nm) uniform insulating layer. On the 178 other hand, because the coating process, adapted from Yang et 179 al., 21 is based on full immersion of the film in a fairly polar 180 solvent (isopropanol), which might partially degrade the 181 perovskite, the second hypothesis seems more plausible.
182
In contrast, we were able to fabricate solar cells with TOPO-183 coated MAPI films. Indeed, although TOPO is insulating, 184 charge extraction by tunneling through an insulating layer can 185 be achieved if the layer is thin enough, as also observed by 186 others.
24,27 The TOPO layer thickness can be estimated by the 187 intensity drop of I 3d and Pb 4f XPS peaks (see Figure S3 ). 188 Indeed, as MAPI is covered by an organic layer, photoelectrons 189 from the underlying lead and iodine atoms will be absorbed 190 following Beer−Lambert law. Hence, the intensity of the peaks 191 (or rather peak areas) will decrease as follows: A TOPO (X) = 192 A Pristine (X)e modified perovskite. 237 We tested the stability of the cells in air without any 238 encapsulation, measuring the J−V curves over time. We 239 observed a first drop in the efficiency followed by a slow 240 recovery during the first 10 h (Figure 3c) , after which the 241 device performance started to drop. While the PCE of the 242 devices decreased in a similar manner independently of the use 243 of the TOPO layer, we observed how the cells with TOPO-244 modified MAPI retained the photocurrent for a much longer 245 time (Figure 3d) , with a slower decrease as compared to the 246 pristine MAPI cells. As the photocurrent is mainly determined 247 by the rate of carrier generation within the perovskite, this 248 might indicate that the presence of TOPO can alleviate the 249 perovskite degradation when incorporated in a working device, 250 in analogy with the results presented for simple perovskite films 251 (Figure 2) .
252
In summary, we have shown that surface coating with organic 253 molecules can greatly enhance the stability of pure MAPI thin 254 films at high temperature, as well as room temperature. This 255 methodology is promising for enhancing both the processability 256 window of the material and the long-term operational stability. 257 Indeed, we have shown that efficient solar cells could be 258 fabricated with functionalized MAPI thin films. While the 259 photocurrent was observed to be maintained for a longer time 260 Interfaces. Nat. Energy 2017, 2, 17115.
